Background: To evaluate the prevalence and associated factors of childhood constipation in Taiwan. Methods: Healthy children between 7 and 12 years of age were interviewed to determine the prevalence of constipation and associated demographic and dietary factors. A nationwide sample of 2,375 children was selected with complex multistaged sampling throughout Taiwan. Results: In total, 2,375 individuals (1,282 boys and 1,093 girls, mean age ¼ 9.3 AE 2.2 years) were interviewed, with a response rate of 95.1%. The prevalence of constipation was 32.2%, and girls were more likely to have constipation than boys (36.1% vs. 29.2%, p ¼ 0.0012) in this study. The prevalence of constipation was inversely related to age (24.4% for children aged 11 and 12, 34.0% for children aged 9 and 10, and 39.6% for children aged 7 and 8, p < 0.001). Constipated children were more likely to report irregular bowl movements (37.2% vs. 29.3%, p ¼ 0.003), and constipated children had a significantly lower body mass index (17.5 kg/m 2 vs. 18.3 kg/m 2 , p < 0.001). The dietary intake for children with constipation was associated with lower intake of vegetables (4.2 servings/week vs. 5.8 servings/week, p < 0.05), fruits (5.6 servings/week vs. 7.0 servings/week, p < 0.05), soybean products (2.2 servings/week vs. 2.9 serving/week, p < 0.05), and eggs (3.9 servings/ week vs. 4.6 servings/week, p < 0.05). Conclusion: Constipation is common in Taiwanese school-aged children, especially in girls. Less frequent consumption of vegetables, fruits, soybean products, and eggs is associated with childhood constipation. Establishing a regular bowel habit is encouraged to decrease the risk of constipation, and allowing the children a relaxed and sufficient time to defecate after school is essential.
Introduction
Constipation is a common disorder worldwide, irrespective of age, gender, and ethnic background. The management of gastrointestinal disorders has significantly improved over the past decade. Despite an improved understanding of the underlying pathophysiology of functional gastrointestinal disorders, childhood constipation remains poorly understood. The major barrier to better understand childhood constipation is the problem of obtaining a precise history. Often researchers rely on parent's interpretations of the children's symptoms, which can lead to incorrect assessments in some situations. 1 There have been numerous attempts to standardize the definition of constipation in children. Iowa, 2 Rome II, Rome III and Paris criteria have been offered. Some of these efforts have placed a greater emphasis on finding a standard diagnosis, whereas others have had a greater emphasis on management and treatment of the disorder. The Iowa and Rome criteria have advanced and standardized the diagnostic criteria for functional gastrointestinal disorders, including childhood constipation. However these rubrics have not fully resolved the controversies related to the diagnostic criteria for childhood constipation. There is still a need for both researchers and the clinicians caring for children to share a common set of diagnostic tools. Further, there is a need to have diagnostic criteria that fit both clinical management and large epidemiologic studies or to have clearly defined different criteria for diagnosis in both settings. 3, 4 The prevalence of childhood constipation has been documented, with highly variable results from study to study and from country to country, ranging from 0.3% to 28%. 5e7 In these studies the differences in prevalence could simply represent the different diagnostic criteria used in each study design. However it may also be partially because of differences in what each culture defines as a "normal" pattern bowel movement.
Despite the variations of prevalence in different countries, there is a global trend of increasing rate of childhood constipation, and this increase remains unexplained.
8e10 Studies of childhood constipation, have been done in many other countries. The current study is the first population-based study of childhood constipation in Taiwan.
Moreover, factors associated with childhood constipation in Taiwan may provide some key information to evaluate the relationship between Chinese dietary patterns and childhood constipation. Therefore, we conducted this study to evaluate the prevalence of childhood constipation in Taiwanese schoolaged children and explore the relationship between bowel habits, dietary habits, and childhood constipation through a well-designed population-based study.
Methods
The Nutrition and Health Survey in Taiwan (NAHSIT) is a nationwide survey that focused on both the nutrition and the health status of Taiwanese children between 4 and 12 years of age. 11 Our current study is a substudy within the NAHSIT database that focused on the relationship of constipation and dietary factors in elementary school students (aged 7e12 years). Study subjects of NAHSIT were selected through a complex multistaged sampling scheme. 12 Generally speaking, the vast majority of the Taiwanese people belong to the so-called Han people, an inclusive name for various ethnic groups living in central China for centuries. In addition to Han people, Hakka people, primarily located in Northwestern Taiwan, although ethnically similar to Han people, differ from other populations in Taiwan because of their high tendency for intergroup marriage and specific dietary pattern (e.g. consuming higher intake of preserved vegetables and use of lard in cooking). A third culturally distinct group in Taiwan is the aboriginal tribes who are not ethnically Han; they are genetically related to the Malayo-Polynesians. Most of them live in the central mountainous areas, with a low population density. The East Coast area is a stratum isolated from the affluent western part of Taiwan because of the high proportion of aboriginal people living there. The Peng-Hu islands located in the Taiwan Strait are the major offshore islands under Taiwan's jurisdiction. According to the population size of each stratum, three townships (or districts) were selected randomly after the strata were defined. Because of these cultural and ethnic differences, the people studied were subdivided into different groups for comparison.
All 359 townships in Taiwan were divided into thirteen strata according to ethnicity, urbanization index, and geographical characteristics. The study subjects were stratified as follows: areas with high concentration of Hakka people, mountainous areas, the East Coast area, the Peng-Hu islands, and western plain areas of Taiwan (further divided into northern, central, and southern Taiwan). All cities or townships in western plain areas were grouped into three levels by urbanization index (North IeIII, Central IeIII, and South IeIII, respectively). Using the probability proportional to size sampling method, eight schools were selected from each stratum. This produced a total of 104 schools. Random sampling was then used to select four students from each grade in each school, which in turn resulted in a total of 192 students in each stratum.
The total number of selected study subjects was 2,496, and interviews were evenly allocated into each of the two semesters considering seasonally effects. 2,419 subjects agreed to answer the questionnaires, but only a total of 2,375 respondents completed the questionnaire (Fig. 1) . Between respondents and nonrespondents, no significant differences in sibling rank and parental characteristics were noted, indicating that this survey was unbiased and representative. 11 The study protocol was reviewed and approved by reviewers from the Department of Health in Taiwan. Trained research staff interviewed every study subject after informed consent was obtained from their parents. Demography, bowel movement history and dietary history were each addressed in a separate section of the interview protocol.
The definition of constipation was made according to the "Iowa criteria" by two or more of the following characteristics during the previous 8 weeks: less than three bowel movements per week, one or more episodes of fecal incontinence per week, large stools in the rectum or felt on abdominal examination, passing of stools so large that they obstruct the toilet, retentive posturing, and painful defecation. The dietary history was obtained by 7-day recall test.
Data in the text were expressed as mean AE standard deviation, and categorical variables were expressed in frequency. Comparisons between continuous variables were done by Student t test, and categorical variables were compared by the Chi square test. One-way analysis of variance was used for comparisons between different groups. For all tests, results with p values less than 0.05 (two-tailed) were considered statistically significant.
Results

Demographic and associative factors
In total, 2,375 children (1,282 boys and 1,093 girls, 9.3 AE 2.2 years) were enrolled, with a questionnaire response rate of 95.1%. The prevalence of constipation was 32.2%, and girls were more likely to be constipated than boys (36.1% vs. 29.2%, p ¼ 0.0012). There existed an inverse relationship between age and the prevalence of childhood constipation (24.9% for children aged 11 and 12, 34.0% for children aged 9 and 10, and 39.6% for children aged 7 and 8, p < 0.001). Regardless of the frequency of stool passage, children who reported regular bowel habit (fixed time during the day) were less likely to be constipated (29.3% vs. 37.2%, p ¼ 0.003) ( Table 1) . A regular bowel habit was reported in 59.2% of subjects although the frequency of the regular bowel habit was variable.
When frequency of bowel movement is considered, 44.9% subjects reported stool passage once every 3 days and 2.3% reported longer than 4 days to pass stool once. Boys were more likely to report daily stool passage than girls (56.9% vs. 48.4%, p < 0.001). The mean body mass index of constipated children was significantly lower (17.5 vs. 18.3 kg/m 2 , p < 0.001). Geographically, the prevalence of constipation was highest in North III district (38.15%), followed by South III district (37.19%), South I (35.97%) district, and areas mainly populated by the Hakka people (36.4%) ( Table 2) .
Dietary factors
The 7-day recall of the dietary analysis evaluated subjects' intake of nonabsorbable carbohydrates, oligosaccharides, meat, eggs, vegetables, fruits, soybean products, fat, and other nutrients. Results showed that constipation was associated with lower intake of vegetables, fruits, soybean products, and eggs (Fig. 2) .
Discussion
The prevalence of childhood constipation was 32.7% in Taiwan. Earlier studies 4e7 of childhood constipation generally indicated significantly lower rates of this condition. In population-based studies, the prevalence of childhood constipation is difficult to determine the reasons mentioned earlier. Major obstacles derive from the difficulties of obtaining a precise history and the lack of a widely accepted working definition of constipation in population-based studies. Currently, establishing the diagnosis of constipation relies on history alone, which is difficult in all patients but even more difficult in children. 1 Physicians depend on parents' descriptions of their child's behavior in many aspects of pediatric care, and certainly with constipation they do as well. The perspectives of the physician, parent, and child may all be different, and this may lead to inconsistencies in data about constipation. The Iowa criteria have been the most commonly used tool to assess childhood constipation because of the practicality in clinical practice and clinical effectiveness evaluation. 2 Although the Rome criteria were developed to facilitate clinicians defining functional gastrointestinal disorders, the introduction of the Rome criteria did not end the arguments about diagnostic criteria for the diagnosis of childhood constipation. Furthermore, it did not improve the convenience and functionality for diagnosis of constipation in clinical practice. 3, 12 The range in prevalence of constipation for adults living both in Western and Asian countries is between 10% and 20%. The range in prevalence in children is much greater, between 0.3% and 28%.
13e15 Nevertheless, the estimates of childhood constipation have been escalating in the last decade. 4 Whether the high prevalence is related to the true growing popularity of constipation or merely the results of changing perceptions to childhood constipation remains unclear. Some studies have reported a two-fold higher rate of constipation in boys, 16, 17 however other studies show approximately the same rate for boys and girls. 18, 19 However, the tendency of adult women to be more likely to be constipated remains consistent, and the ratio increases with age. 20, 21 It was hypothesized that girls recognized symptoms of constipation better than boys because of their earlier physiological development and toilet training.
We identified an inverse relationship between age and the prevalence of childhood constipation from our acquired data. We speculate that younger children have not yet mastered their toilet training and tend to fear the experience of defecation, whereas older children are more likely to have established regular bowel habits and are less stressed to defecate. A study by Medeiros et al. 22 demonstrated that observing children with chronic constipation, those in the preschool age were more likely to show symptoms of retentive posturing and fear of defecation than those of school age and adolescents. This may explain why older children in our study were less constipated.
In Taiwan, it is commonly believed that increased intake of fluid, nonabsorbable carbohydrates, or fibers may facilitate bowel movement. In this study, a lower intake of vegetables, fruits, soybean products, and eggs was significantly associated with childhood constipation. However, because of the difficulty of precise evaluation of daily fluid intake from questionnaires, we couldn't establish noticeable data to define the association of fluid intake and constipation. There were previous reports that showed increased water intake had little effect on bowel movement, 23, 24 and that increasing dietary fiber may ameliorate childhood constipation. 25e27 We suggest further studies should be taken to explore the dietary factors of constipation before establishing more definite conclusions.
Children with constipation were found to be statistically thinner in our survey. This result is contrary to recent studies implicating the association of obesity with constipation. Because of the many confounding factors noted in our study such as gender, diet, and bowel habits, this finding may not apply to the general population but is simply an observational result. Additional studies are required to identify the association.
In conclusion, constipation is common in Taiwanese elementary school-aged children, especially in girls. Having fewer servings of vegetables, fruits, soybean products, and eggs was associated with constipation among children aged 7e12 years. Establishing regular bowel habits may decrease the risk of constipation. Allowing children adequate time to relax and defecate after school is a prudent recommendation to parents. Because constipation is so common and because of its impact on families and public health, further studies should be done to more clearly define the basic pathophysiology and epidemiology of this condition.
